Background: Febrile seizures (FS) are common in young children. Viral infections that result in high fever are frequent etiologic agents that lead to febrile seizures. Human Herpesvirus 6 (HHV6), Influenza virus, adenovirus, and enterovirus have been named as the most common viruses causing high fevers in young children. Although bacterial infections have rarely been found as causative agents, many children with febrile seizures are treated with empiric antibiotics. Objectives: To determine the epidemiology of the viral (HHV6, Adenovirus, HSV1, Enterovirus) and bacterial infection in children presenting with febrile seizures. Methods: In a descriptive study, data was collected from 93 children, 3 months to 5 years of age, hospitalized with febrile seizures between September 2016 and April 2017. Relevant information was documented on a previously designed questionnaire. Blood samples were collected for culture, Serum 16S rRNA for bacteria, and PCR assay for 4 viruses (HHV6, adenovirus, enterovirus and HSV), in addition to routine investigations. Results: Of the 93 patients, serum PCR results were negative for 73 patients (78.49%) and 15 (16.13%) were positive for viruses (11 for HHV6 and 4 for Adenovirus). Serum 16S rRNA for bacteria was detected in 5 cases and blood culture was positive in 4 cases. Conclusions: Findings of this study indicate a significant prevalence of viruses and a very low rate of bacterial infection in children with febrile seizures, thus, negating the use of empirical antibiotic therapy.
Background
Febrile seizures are among the most common seizure disorders leading to hospitalization in children and have been reported as the most common type of seizures in Iranian children (1) (2) (3) (4) (5) (6) .
A total of 2% -5% of children have experienced at least one febrile seizure before they reach the age of 5 (1, 7, 8) .
The pathophysiology of FS is still unclear; it is likely that it is an age-related response of the immature brain to fever in children with a genetic predisposition, with a multi-factorial mode of inheritance, a high concordance rate in monozygotic twins, and a higher prevalence in firstand second-degree relatives (5, (8) (9) (10) (11) . Studies in Iran have shown a significant geographical variance in the prevalence of febrile seizures in different parts of the country (2) .
In addition to high fever, risk factors for FS include infections, recent immunization, and previous or family history of FS (1, 5, (9) (10) (11) (12) . Although a proprietary virus has not been identified as the cause of FS, Influenza A virus, HHV6, adenovirus, enterovirus have been implicated as the most common agents that provoke a febrile convulsion (1, 5, 9, 13, 14) . Viral infections may trigger a seizure not only due to high fever but release of inflammatory cytokines especially IL-1B that provoke epileptogenesis, as has been shown in animal studies (13, 15) . In addition, some viruses may cause direct neuroinvasion as HHV-6 DNA has been detected in the cerebrospinal fluid of some children with FS (16) .
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vaccine (17, 18) .
Various methods, like cultures or PCR assays on nasophryngeal aspirates, serum samples, or cerebrospinal fluid have been used to isolate microorganisms associated with FS; in the recent years the 16S ribosomal RNA gene (16S rRNA gene) has been sequenced to identify unknown microorganisms in different diseases (19) .
The present study was conducted in Mofid Children's Hospital to determine the epidemiology of infectious agents associated with febrile seizures in children by PCR assay on serum specimens collected from the patients. Due to the financial resources limitation, only blood samples were evaluated in this study. We choose them based on prevalence reports in other studies.
Objectives
To determine the epidemiology of the viral (HHV6, Adenovirus , HSV1, Enterovirus) and bacterial infection in children presenting with febrile seizures.
Methods
Inclusion criteria (1, 20) : -A seizure associated with an elevated temperature greater than 38°C -A child older than three months and younger than six years of age -Absence of central nervous system infection or inflammation -Absence of acute systemic metabolic abnormality that may produce convulsions -No history of previous afebrile seizures All children, between the ages of 3 months and 5 years, hospitalized during the study period (September 2016 to April 2017) with a diagnosis of febrile seizures, were included in the study.
For sample size calculation we used the binomial distribution formula ("accepting a population prevalence as not exceeding a specified value"). If only 1 positive sample is found among our study population with a sample size of 93, we can accept with 95% confidence that the frequency of that agent is not exceeding 5%.
-type of study: Descriptive cross sectional study -the population study: A questionnaire was designed to document relevant data from the study subjects. After obtaining written parental consent for the study, the following information was recorded: age, gender, type of seizure, associated symptoms (Cough, coryza, diarrhea, vomiting, etc.), body temperature, time elapsed between onset of fever and the seizure, drug consumption, and family history of seizures. In addition to routine investigations (CBC, ESR, CRP, CSF, if indicated), blood samples were collected for culture and also for PCR assay (serum 16S rRNA for bacterial infection and specific primers to identify HHV6, Adenovirus, Enterovirus and HSV1).
Blood samples containing EDTA were sent to the Laboratory of the Infectious Disease Research Center under standard conditions within a maximum period of 18 hours after admission. Samples were divided into two equal volumes upon receipt, one for extraction of bacteria and another for the extraction of viruses.
Extraction of bacterial DNA was done using the High-Clean PCR Template Preparation Kit (Roche, REF. No. 11796828001). The proliferation of the 16srRNA gene was done by using specific primers to identify the bacterial infection (21) .
The second series of blood samples were taken using the QiAmp Dsp virus spin kit (QIAGEN. REF. No. 61704) extraction kit that simultaneously isolates all DNA and RNA viruses. DNA HHV6, Adenovirus, and HSV1 have been detected by PCR and specific primers for identification. cDNA synthesis has been done for enterovirus before identification of PCR because it is a RNA virus. Primers are depicted in Table 1 . PCR conditions have been described previously (22) (23) (24) (25) .
Statistical Methods
We reported categorical variables as counts and percentages by SPSS (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.). To calculate 95% confidence intervals for frequency of viral infections, the Wilson score interval method was used.
Results
Overall, 93 patients were included in the study; 54 patients (58.1%) were male. As the study period stretched from September to April, most samples were collected in the fall, winter, and early spring ( Table 2) .
Clinical characteristics of patients are presented in Table 3 . Most patients (89%) were less than 36 months of age and more than 63% were between 12 and 36 months old (Table 3). Less than 10% had a past history of previous seizures, however, more than 31% had a positive family history of FS (Table 3 ).
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Arch Pediatr Infect Dis. 2018; 6(4):e63954. Four patients (4.3%) had a positive blood culture and 16 S rRNA was positive for bacteria in 5 cases (5.4%) ( Table 3) .
Of the 93 patients, serum PCR results were negative for 73 patients (78.49%); 15 (16.13%) were positive for viruses and 5 for bacteria. Of the 15 patients with positive serum PCR for viruses, 11 (11.8%) were positive for HHV6, and 4 (4.3%) for Adenovirus (Table 4 ).
A total of 24 patients (25.8%) had symptoms of URI (runny nose, cough, and nasal congestion). In comparison with patients without URI symptoms, 6 (25%) cases had positive serum PCR for the viruses in first group.
Another 24 patients (25.8%) were presented with gastrointestinal symptoms like diarrhea and vomiting. Viral PCR in patients with or without gastrointestinal manifestation was compared, it was positive in 2 (8.3%) cases in first group, while almost half of the patients were presented with fever without localizing signs. 16S rRNA positive for bacteria 5 (5.37) PCR assay positive for viruses 15 (16.12) Abbreviation: FS, febrile seizure. with a simple febrile seizure.
All patients with a positive PCR had been presented

Discussion
Although, generally the virus has not been identified as an etiology for FC, various studies have revealed different viruses as the cause of FC, HHV6, Adenovirus, Influenza, Enterovirus, HSV, Parainfluenza, RSV, EBV, CMV. HHV-6 is the virus most frequently associated with F.C in the US and Europe.
In our study, we found that HHV6 was the most commune viruse in this group of patients; it was compatible with other studies. Another virus identified as an etiology F.C is adenovirus; it is also one of the viral causative agents of the F.C in most articles. We couldn't detect enterovirus, which may have been due to unequal sampling during one year. Most specimens, 85 (91.3%) patients, were taken in the autumn and winter, while enteroviruses are more common in the summer.
A total of 4 (4.3%) patients had positive blood culture; this finding is consistent with other articles that describe bacterial infections as rare causes of F.C. Therefore, with the above findings, physician shouldn't start empiric antibiotic therapy.
In the present study, evidence of viral infection was found in the serum of less than 17% of children hospitalized with febrile seizures. These figures are in stark contrast to several other studies, notably a study in Australia, in which out of 143 nasal samples that were tested for viruses, at least 1 virus was identified in 71% and viral coinfection in 34% (1). The Australian study was carried out from May 2012 to October 2013, that period in the Southern hemisphere would include one summer season, two autumns, and two winters as regards the seasonal prevalence of respiratory tract and gastrointestinal infections, while our relatively short study period was from September to April and included fall, winter, and early spring with only a few days of the summer season. In their study, rhinovirus, adenovirus, and enterovirus were the most commonly detected viruses, while the most common viral infection detected in the serum of our patients was due to HHV-6; none were caused by enterovirus. One reason for our low yield could be due to the relatively short duration of the study, also due to the fact that our study did not stretch into the summers when enterovirus infections are more frequent. In the Australian study, samples were collected from nasopharyngeal aspirates, which harbor various microorganisms, as multiple viruses were identified in most of their samples, while we used the very specific method of PCR assay of serum specimens. The researchers in Australia also identified influenza in 13% of their samples; we did not look for the influenza virus. In Asia, the influenza virus has been found to be associated with febrile seizures in the influenza season and may be accompanied by a concurrent HHV infection (1, 14) . In Europe and the United States, however, HHV-6 is associated with one-third of all first-time febrile seizures in infants and children less than 2 years of age (14) .
In a study from Hong Kong, nasopharyngeal aspirates collected from 923 children with febrile seizures that were collected for antigen testing of 5 common viruses over a period of 5 years, detected viral antigens in 34.4%, with influenza virus in 17.6%, adenovirus in 6.8%, followed by parainfluenza, 6%, RSV 2.7%, and Rotavirus 1.3%. HHV-6 testing was not done in the study, however, 2.9% of their chil-dren were presented with the clinical spectrum of roseola infantum, thus, making it the 4th common cause of fever in their patients (9) . The low rate of viral detection in our study may also be attributed to the short duration and the small numbers as compared to the mentioned study. Although our figures for detection of viruses are relatively low, a breakdown of the figures, according to the season, reveals a higher yield of >20% in the winter season, when respiratory infections are common (Table 2) .
Approximately, our patients were presented with complex febrile seizures, which is similar to some studies (9, 10, 26) , but less than the reported rate of one third of all febrile seizures in other large studies (1, 8) . No specific viral infection was identified in these patients and all children in whom PCR assay for viruses or bacteria was positive had been presented with simple febrile seizures.
Our figures are different from an Iranian study based on an analytical review of 21 studies on 4599 children with FS in Iran, which revealed the infectious causes as upper respiratory infection in 42.3% of cases, followed by gastroenteritis in 21.5%, otitis media 15.2%, pneumonia 8.7%, urinary tract infection 3.2%, and roseola infantum 2%, with an unidentified source in 2.8% (2) . In other studies as well respiratory tract infections were found as the most common cause of FS (9, 10, 26) .
Findings of this study indicate a significant prevalence of viral infections and a very low rate of bacterial infection in children with febrile seizures, thus, negating the use of empirical antibiotic therapy.
The present study underscores the need for larger studies for longer durations, sample collection from various sites, and utilization of PCR assays, which include most of the common viruses seen in children.
Limitations and Suggestions
-Use of appropriate kits: Due to the fact that enteroviruses have very different subtypes, it will be useful to use the kits that identify most of these subtypes.
-Sampling from various sites: Only blood samples were used in this study. While in most similar studies, several different sites, such as oral and nasal discharge samples, stool, and urine specimens are used.
-Examination of other viral agents causes F.C.
-Use a large number of samples.
-Use of different methods to identify infectious agent causative F.C, such as serology.
-Sampling in the four seasons of the year. Especially, as no samples were collected during late spring or during the summer season, a period when enterovirus infections are more frequent.
-Design other study and Evaluate bacterial infection in other site such as lung, urine, stool in special cases.
